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^ (54) Title: CATALYST AND PROCESS FOR PREPARATION OF AN ESTER 

J£ (57) Abstract: A catalyst composition suitable for use as a catalyst for the preparation of an ester comprises an organometaDic 
J" compound which is the reaction product of an alkoxide or condensed alkoxide of at least one metal selected from titanium, zi> 
Tf c ° muv * °^™V linm : m *k° ho1 containing at least two hydroxy] groups, a base and an organophosphorns compound of ceneral 
^ formula PXtOR 1 ),^ where X is S or O, R> is alkyl/aryl, substituted alkyl/aryl, cther-alkyl, alkoxy, ~COR3 where R a is (op- 
nonally substim^d) C M alkyl or carboxylic acid (or derivative thereof), -(CH^COOR 4 . where R 4 is alky], preferably C^ alky] 
O and Xis P^^ly 1-3; each R 1 is independently H. alkyl/aryl, substituted alkyl/aryl. ether-alkyl, e.g. polyoxyalkyi: especiaMv 

Opolyoxycthyl or polyoxypropyl, alkoxy, -OCOR?3 £ where R 3 is (optionally substituted) C 1-fi alkyl or carboxylic acid (or donative 
mewf), -(CH2>xCOOR 4 . where R 4 is alkyl, preferably C„< alkyl and x is preferably 1 -3; at least one of R* and R* contains a donor 
j£ group which is capable Of coordinating to or forming a covalent bond with the metal, a is in the range 1-3. b is in the range 0-2 and 
™ a. + b — 3. 1 



"PAGE 5/24 ' RCVD AT 7121/2005 11:11:12 AM [Eastern Daylight Time] * SVR:USPTO£FXRF-6/24 ' DNIS:2738300 1 CSID :3028927925 ' DURATION (mm-ss) :05-52 



JUL 21. 2005 11:10AM DUPONT LEGAL 

WO 03/045550 

1 

CATALYST AND PROCESS FOR PREPARATION OF AN ESTER 



The invention concerns catalyst compositions and in particular catalyst compositions which 
comprise novel onganotrtanlum, organorirconium or organoaJu minium oompounds containing 
phosphorous which are useful catalysts for esterification reactions. 

5 

Organotitanium compounds and, in particular, titanium alkoxides or alkoxides are known as 
catalysts for esterification processes. During the esterification, these compounds am 
frequently converted to insoluble compounds of titanium which result in a hazy product The 
presence of a haze is a particular disadvantage In polyesters which have a high viscosity 

1 0 and/or high melting point and are therefore difficult to filter. Furthermore, many organotitanium 
compounds which are effective catalysts in the manufacture of polyesters such as 
polyethylene terephthalate are known to produce unacceptable yellowing in the finaF polymer 
GB-A-2 314 081 relates to an esterification process in which these problems are partially 
solved but there is still a need for a catalyst system which induces little or no yellowing in a 

15 polyester produced using the catalyst Furthermore, there is a need for a catalyst which 
produces polyester which is heat stable in the melt 
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It is an object of the present invention to provide an improved catalyst system for a process for 
preparing esters. 



According to the invention, a catalyst composition suitable for use as a catalyst for the 
preparation of an ester comprises an organometallb compound which is the reaction product 
of 

i. an alkoxide or condensed alkoxide of at least one metal selected from titanium, 
25 zirconium or aluminium, 

fi. an alcohol containing at least two hydroxyl groups, 
Hi. a base and 

iv. an organophosphorus compound of general formula PX(OR 1 ) e (R 2 ) b where X is S or 
O, R 1 is alkyl/aryi, substituted alkyl/aryl, ether-aikyl, alkoxy, -C(0)R 3 where R 3 is 

30 (optionally substituted} C« aikyl or carboxylic add (or derivative thereof), -(CH^xCOOR 4 , 

where R 4 is aikyl, preferably alkyl and x is preferably 1 - 3; each R 2 is independently 
H, alkyl/aryl, substituted alkyl/aryl, ether-alkyl, e.g. polyoxyalkyl, especially polyoxyethyf 
or pdyoxypropyl, alkoxy, -OCOR 3 where R 3 is (optionally substituted) alkyl or 
carboxylic acid (or derivative thereof), -(CH^COOR 4 . where R 4 is alkyl, preferably d-a 

35 alkyl and x is preferably 1 - 3; at least one of R 1 and R 2 contains a donor group which is 
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capable of coordinating to or forming a covalent bond with the metal, a is in the range 1 - 
3, b is In the range 0-2 and a + b = 3. 

Also according to the Invention, a process for the preparation of an ester comprises carrying 
5 out an esterificatioh reaction in the presence of a catalyst composition comprising an 
organometallic compound which is the reaction product of> 

i. an aikoxide or condensed aikoxide of at least one metal selected from titanium, 

zirconium or aluminium, 
iL an alcohol containing at least two hydroxyl groups, 
10 Hi. a base and 

iv. an organophosphorus compound of general formula PX(OR 1 ) a {R 2 ) b where X is S or 
O, R 1 fe alkytferyl, substituted alkyl/aryl, ether-aikyl, alkoxy, -C(0)R 3 where R* is 
(optionally substituted) C,^ alkyl or carboxyDc acid (or derivative thereof), -(CHikCOOR 4 , 
where R 4 is alkyl, preferably d_s alkyl and x is preferably 1-3; each R 2 is independently 
15 H, alkyl/aryl, substituted alkyf/aryl, ether-aikyl, e.g. polyoxyatkyl, especially polyoxyethyl 

or poJyoxypropyl, alkoxy, -OCOR 9 where R 3 is (optionally substituted) alkyl or 
carboxylic acid (or derivative thereof), -(CH^OOR 4 , where R 4 is alkyl, preferably 
alkyl and x is preferably 1 - 3; at least one of R 1 and R 2 contains a donor group which is 
capable of coordinating to or forming a covalent bond with the metal, a is in the range 1 - 
20 3, b is in the range 0-2 and a + b = 3. 

In a further embodiment the organometallfc compound suitable for use in an esterification 
process further comprises a 2-hydroxy carboxylic acid. 

25 The organometallic compound comprises the reaction product of an aikoxide (also known as 
an orthoester) or condensed aikoxide (or orthoester) of at least one metal selected from 
titanium, zirconium or aluminium. Normally an aikoxide or condensed aikoxide of one of the 
selected metals is used but it is within the scope of the invention to use an aikoxide or 
condensed aikoxide of more than one of the selected metals. For clarity we refer hereinafter 

30 to a titanium, zirconium or aluminium aikoxide or condensed aikoxide, and all such references 
should be taken to include alkoxides or condensed alkoxides of more than one metal, e.g. to a 
mixture of titanium and zirconium alkoxides. 

Preferably, the aikoxide has the formula M(OR) 4 or AI(OR) 3 where M Is titanium or zirconium 
35 and R is an alkyl group. More preferaMy R contains 1 to 6 carbon atoms and particularly 
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suitable alkoxides include tetraisopropoxy titanium, tetra-<i-butoxy titanium, tetra~n-propoxy 
zirconium, tetra-n-butoxy zirconium and tetra-iso-butoxy aluminium. The condensed alkoxfdes 
suitable for preparing the organometallte compounds used in this invention are typically 
prepared by careful hydrolysis of titanium, zirconium or aluminium alkoxides. Titanium or 
zirconium condensed alkoxides are frequently represented by the formula ROIM<OR)20] n R in 
which R represents an alkyl group and M represents titanium or zirconium. Preferably, n is 
less than 20 and more preferably is less than 10. Preferably, R contains 1 to 12 carbon atoms, 
more preferably, R contains 1 to 6 carbon atoms and useful condensed alkoxides include the 
compounds known as polybutyl titanate, polyisopropyf titanate and polybutyl zlrconate. 



Preferably, the alcohol containing at least two hydroxyl groups is a dihydric alcohol and can be 
a 1,2-diol such as 1,2-ethanediol or 1 ,2-propanediol, a 1,3-diol such as 1,3-propanediol, a 1,4- 
dioi such as 1,4-butanedioI, a diol containing non-terminal hydroxyl groups such as 2~methyl- 
2,4-pentanedfol or a dihydric alcohol containing a longer chain such as diethylene glycol or a 
15 polyethylene glycol Preferred dihydric alcohols Include 1 ,2-ethanediol, 1,3-propanedio) and 
1,4-butanediol. The organometallic compound can also be prepared from a polyhydric alcohol 
such as glycerol, trimethylolpropane or pentaerythribl. 

Preferably, the organometafllc compound is prepared by reacting a dihydric alcohol with an 
20 alkoxide or condensed alkoxide in a ratio of from 1 to 32 moles of dihydric alcohol to each 

mole of titanium, zirconium or aluminium. More preferably, the reaction product contains 2 to 
25 moles of dihydric aleohotper moteof titanium, zirconium orafciminiumand most preferably 
4 to 25 moles dihydric alcohol per mole of titanium, zirconium or aluminium. 

25 The organophosphonis compound of generai formula PX(OR , ) u (R a ) b where X is S or O f R 1 Is 
alkyi/aryl, substituted alkyl/aryl, ether-alkyl, alkoxy. ^OCOR 3 where R 3 is (optionally 
substituted) O,^ alkyl or carboxyOc acid (or derivative thereof), -{CH 2 )xCOOR 4 1 where R 4 is 
alkyl, preferably alkyl and x is preferably 1 - 3; each R 2 is independently H, alkyl/aryl, 
substituted alkyl/aryl, ether-alky!, e.g. polyoxyalkyi, especially polyoxyethyl or polyoxypropyl, 

30 alkoxy, -OCOR 3 where R 3 is (optionally substituted) alky! or carboxylic acid (or derivative 
thereof), -(CH^OOR 4 , where R 4 is alkyf, preferably alkyl and x is preferably 1 - 3; at 
least one of R 1 and R 2 contains a donor group which is capable of coordinating to or forming a 
covalent bond with the metal, a Is fn the range 1 - 3. b is in the range 0 - 2 and a + b = 3. 

35 X is preferably O. 
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The donor group is preferably S, O. N, OH, NH or SH; particularly preferred are O, OH or NR. 
When R 1 and /or R 2 is alkyl, or alkpxy then they are preferably alky] or alkoxy, e.g. ethyl, 
propyl or butyl or ethoxy, propoxy or butoxy. When R 1 and /or R* Is substituted alkyl or alkoxy 
5 then they are preferably OH- or NH- substituted C„ Q alky] or alkoxy groups, for example 

hydraxypropyl, hydroxyethyl, hydroxymethyt, hydroxypropoxy or hydroxyethoxy. aminopropyl, 
aminoethyl, aminomethyl, amrnopropoxy orgmrnoethoxy. 

When R 1 and /or R 2 is ether-alkyl It is preferably polyoxyalkyl, especially polyoxyethyJ or 
10 polyoxypropyl, i.e. it is preferably derived from a polyethylene glycol or polypropylene glycol 
moiety. Alternatively it is derived from a simple glycol such as ethylene glycol to form a 
hydroxy-ether group. 

When R 1 and /or R 2 is -OCOR 3 where R 3 is (optionally substituted) alkyl or carboxylic acid 
15 (or derivative thereof), then the phosphorus atom is joined via an ester link to a carboxyl- 
containing compound. A preferred example of such a compound is a residue of a hydroxy 
carboxylic acid such that the organophosphorus compound is a phosphorus derivative of a 
hydroxycgrboxylic acid such as lactic, citric, tartaric or malic acids for example. 

20 When R 1 and /or R 2 is -(CH 2 )xCOOR 4 then R 4 is preferably C1 - C8 arkyl and x Is preferably 1 
- 3. A preferred example of such a compound when R 2 is -(CH2)xCOOR 4 is a 
phosphonoacetate. for example an ethyl phosphonoacetate when X Is 1 and R 4 is ethyl. 

Preferred organophosphorus compounds include phosphite diesters, phosphate Westers and 
25 phosphonate diesters. Examples of preferred compounds include triethylphosphonoacetatB 
(TEPA), and di(polyoxyethyl)hydroxymethylphosphonate which are phosphonate dlestere. 

The amount of organophosphorus compound present in the catalyst composition of the 
invention is usuany in the range 0.1 to 4.0 mole of phosphorus to 1 mole of metal (titanium, 
30 zirconium or aluminium), preferably in the range 0.1 to 2.0 mole phosphorus to 1 mole metal 
and most preferably in the range 0.3 to 1.6 mole phosphorus to 1 mole metal. 

Suitable inorganic bases include inorganic bases such as sodium hydroxide, potassium 
hydroxide, lithium hydroxide, magnesium hydroxide, calcium hydroxide and ammonium 
35 hydroxide. Preferred organic bases include quaternary ammonium compounds such as 
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tetrabutyl ammonium hydroxide, tetraethyl ammonium hydroxide (TEAH), choline hydroxide 
(tr1methyl(2-hydroxyethyl)ammonium hydroxide) or benzyltrimethyl ammonium hydroxide, or 
alkanolamines such as monoethanolamine, diethanolamine, triethanolamine and 
triisopropanolamine. Particularly preferred organic bases include choline hydroxide and 
5 TEAH, whroh have been found to produce polyester having particularly good colour properties 
when used In the catalysts of the Invention. Usually, the amount of base used is In the rang© 
0.1 to 4.0 mole base per mole of metal (titanium, zirconium or aluminium). The preferred 
amount Is in the range 0.1 to 2.0 mole base per mole of metal and, frequently, the amount of 
base present Is in the range 0.3 to 1.5 mole base per mole of titanium, zirconium or 
10 aluminium. 

When 2-hydroxy carboxylic-acids are used In the catalyst compositions of the invention, 
preferred acids used Include lactic acid, citric add, malic acid and tartaric acid. Some suitable 
acids are supplied as hydrates or as aqueous mixtures and can be used In this form. When a 
15 2-hydroxy acid is present, the preferred molar ratio of acid to titanium, zirconium or aluminium 
in the reaction product Is 0.5 to 4 moles per mole of titanium, zirconium or aluminium. More 
preferably the reaction product contains 1 .0 to 3.5 moles of 2-hydroxy acid per mole of 
titanium, zirconium or aluminium. 

20 The organometallic compound can be prepared by mixing the components (alkoxlde or 
condensed alkoxide, alcohol containing at least two hydroxyl groups, organophosphorus 
compound and base, with removal, if desired, of any by-product, (e.g. rsopropyl alcohol when 
the alkoxide is tetraisopropoxytftanium). at any appropriate stage. In one preferred method 
the alkoxlde or condensed alkoxlde and a dlhydric alcohol are mixed and, subsequently, a 

25 base is added, followed by the organophosphorus compound. When a 2-hydroxy carboxylic 
acid is also present in the reaction product, this is usually added to the alkoxide or condensed 
afkoxide before the organophosphorus compound is added. Alternatively, all or part of the 2- 
hydroxy carboxylic acid can be neutralised with the base and the resulting salt added to the 
other components of the reaction mixture, including, if desired, a further portion of the base. 

30 

The catalyst composition of the invention may additionally comprise a compound of 
germanium, antimony or tin and, in general, any compound can be used including mixtures of 
compounds of more than one of these metate. The preferred compound of germanium is 
germanium dioxide. Preferably, the antimony compound is antimony trioxide or a salt of 
35 antimony, for example antimony triacetate. A number of tin compounds are suitable, including 
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salts, such as tin acetate and organotin compounds, such as dialkyt tin oxides, for example, 
dibutyl tin oxide, diafkyl tin dialkanoates, for example, dtoutyl tin dllaurate and alkylstannoic 
acids, for example butylstannoic acid (C^gSnOOH). 

5 The esterification reaction of the process of the Invention can be any reaction by which an 
ester fs produced. The reaction may be (i) a direct esterification in which a carboxylic acid or 
Its anhydride and an alcohol react to form an ester or (ii) a transesterificartion (alcoholysis) In 
which a first alcohol reacts with a first ester to produce an ester of the first alcohol and a 
second alcohol produced by cleavage of the first ester or (iii) a transesterification reaction in 
10 which two esters are reacted to form two different esters by exchange of alkoxy radicals. 

Direct esterification or transesterffication can b© used in the production of polymeric esters and 
a preferred process of the invention comprises a polyesterification process. 

Many carboxylic acfds and anhydrides can be used In direct esteriffcation including saturated 
15 and unsaturated monocarboxylic acids and anhydrides of such acids such as stearic acid, 
Isostearic acid, capric acid, capraic acid, palmitic add, oleic acid, palmrtofeic add, 
triacontanoic acid, benzoic acid, methyl benzoic acid, salicylic acid and rosin acids such as 
abietic acid, dicarboxyfic acids such as phthalic acid, ieophthalrc add, terephthalic acid, 
sebacic acid, adjpfc acid, azelafc acid, succinic acid, fumaric acid, mateic acid, naphthalene 
20 dicarboxylic acid and pamoic acid and anhydrides of these acids and polycarboxytic acids 
such as trimellitic add, citric acid, trimesic acid, pyromeflrtic acid and anhydrides of these 
acids. Alcohols frequently used for direct esterification Indude^phatic straight chain and 
branched monohydrfc alcohols such as butyl, pentyl, hexyl, octyFand stearyl alcohols, dihydric 
alcohols such as 1,2-ethanedioJ, 1,3-propanediol, 1.4-butanedtol and 1,8-hexenediol and 
25 polyhydric alcohols such as glycerol and pentaeiythrftol. 

The esters employed in an alcoholysis reaction are generally the lower homologues such as 
methyl, ethyl and propyl esters since, during the esterification reaction, it is usual to eliminate 
the displaced alcohol by distillation. These lower homobgue esters of the acids suitable fbr 
30 direct esterification are suitable for use In the transesteriflcation process according to the 
Invention. Frequently (meth)acry)ate esters of longer chain alcohols are produced by 
alcoholysis of esters such as methyl acrylate, methyl methacrylate, ethyl acrylate and ethyl 
methacrylate. Typical alcohols used in alcoholysis reactions Include butyl, hexyl, n-octyl and 2- 
ethyl hexyl alcohols and substituted alcohols such as dimethyfaminoethanoL 
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When the esterification reaction is a transesteriflcation between two esters, generally the 
esters will be selected so as to produce a volatile product ester which can be removed by 
distillation. 

5 As mentioned hereinbefore, polymeric esters can be produced by processes involving direct 
esteriflcatfon or transestertflcation and a particularly preferred embodiment of the esterification 
process of the invention is a polyesterification reaction in the presence of the catalyst 
composition described hereinbefore. In a polyesteriffcation reaction polybasio acids or esters 
of polybasic acids are usually reacted with polyhydric alcohols to produce a polymeric ester. 

1 0 Linear polyesters are often produced from dibasic acids such as those mentioned 

hereinbefore or esters of said dibasic acids and dihydric alcohols. Preferred polyesterificatlon 
reactions according to the invention include the reaction of terephthalic add or dimethyl 
terephthalate with 1,2-etbanedio! (ethylene glycol) to produce polyethylene terephthalate or 
with 1,3-propanediol (propylene glycol) to produce polypropylene terephthalate or with 1,4- 

1 5 butanediol (butylene glycol) to pnoduce polybutylene terephthalate or reaction of naphthalene 
dicarboxylic acid or dimethyl naphthalenate with 1,2-ethanediol to produce polyethylene 
naphthalate. Other acids, such as isophthalic acid and other glycols such as 1,6-hexanediol 
and polyhydric alcohols such as glycerol, trimethylolpropane and pentaerythrftol are also 
suitable for preparing polyesters. 



20 



25 



30 



The esterification reaction of the invention can be carried out using any appropriate, known 
technique tbr^an esterifca^je^ciKKV. — - 

Atypical process for the preparation of polyethylene terephthalate comprises two stages. In 
the first stage terephthalic acid or dimethyl terephthalate is reacted with 1 ,2-ethanediol to form 
a blshydroxyethylterephthaterte prepolymer and the by-product water or methanol is removed. 
The prepolymer is subsequently heated in a second (polycondensatlon) stage to remove 1,2- 
ethanediol and form a long chain polymer. Either or both these stages may comprise an 
esterification jpracess according to this Invention. 



In direct esterification the acid or anhydride and an excess of alcohol are typically heated, if 
necessary in a solvent. In the presence of the catalyst composition. Water is a by-product of 
the reaction and this is removed, as an azeotrope with a boiling mixture of solvent and/or 
alcohol. Generally, the solvent and/or alcohol mixture which is condensed is at least partially 
35 immiscible with water which is therefore separated before solvent and/or alcohol are returned 



TAGE 1204 ■ RCVD AT 7/21/20(15 11:11:12 AM [Eastern Daylight Time]* SVR:USPTO€FXRF-6/24 1 DNB:2738300 ■ CSID:3028927925 1 DURATION (mm*ss):05-52 



JUL. 21. 2005 11:12AM DUPONT LEGAL 

WO 03/045550 



NO. 2437 P. 13/24 

FCT/GB02/05281 



8 

to the reaction vesseL When reaction |$ complete the excess alcohol and, when used, solvent 
are evaporated. 

In view of the fact that the catalyst compositions of the invention do not normally form 
5 insoluble species, it is not generally necessary to remove them from the reaction mixture, as is 
frequently necessary with conventions! catalysts. A typical direct esterification feactfon Is the 
preparation of bis(2-ethylhexyl) phthaiate which is prepared by mixing phtha/ic anhydride and 
2-ethyl hexanol. An initial reaction to form a monoester is fast, but the subsequent conversion 
of the monoester to drester is carried out by refluxing in the presence of the catalyst 
10 composition at a temperature of 180-200'C until ail the water has been removed. 
Subsequently the excess ateobol is removed. 

In an alcoholysis reaction, the ester, first alcohol and catalyst composition are mixed and, 
generally, the product alcohol (second alcohol) is removed by distillation, often as an 
1 5 azeotrope with the ester. Frequently it is necessary to fractionate the vapour mixture 
produced from the alcoholysis in order to ensure that the second alcohol is separated 
effectively without significant loss of product ester or first alcohol. The conditions under which 
alcoholysis reactions are carried out depend principally upon the components of the reaction 
and generally components are heated to the boiling point of the mixture used. 

20 

A preferred process of the Invention is the preparation of polyethylene terephthalate. A typical 
batch production of polyethylene terephthalate is carried out by charging terephthalic acid and 
ethylene glycol to a reactor along with catalyst composition, if desired, and heating the 
contents to 260 - 270 e C under a pressure of about 0.3 MPa. Reaction commences as the acid 

25 dissolves at about 230°C and water is removed. The product is transferred to a second 

autoclave reactor and catalyst composition Is added, if needed. The reactor is heated to 285 - 
310°C under an eventual vacuum of 100 Pa to remove ethylene glycol by-product during the 
ensuing polycondensation reaction. The molten product ester Is discharged from the reactor, 
cooled and chipped. The chipped polyester may be then subjected to solid state 

30 polymerisation, if appropriate. 

A preferred means of adding the catalyst compositions of this invention to a polyesterification 
reaction fe in the form of a slurry or solution in the glycol being used (ag. ethylene glycol in the 
preparation of polyethylene terephthalate). This method of addition is applicable to addition of 
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the catalyst composition to the esterification reaction at the first stage or at the second 
polycondensation stage. 

The amount of catalyst used in the esterification process of the invention generally depends 
5 upon the total metal content (expressed as amount of Ti, Zr or Al) of the catalyst composition. 
Usually the amount is from 0,1 to 1200 parts per million (ppm) of metal based on weight of 
product ester for direct or transesterification reactions. Preferably, the amount is from 1 to 650 
ppm of total metal based on weight of product ester. In polyesterification reactions the amount 
used is generally expressed as a proportion of the weight of product polyester and is usually 
10 from 0.1 to 550 ppm expressed as total metal (Ti, Zr or A)) based on product polyester. 

Preferably, the amount Is from 1 to 250 ppm, more preferably 3 to 100 ppm expressed as total 
metal based on product polyester. 

The products of this invention have been shown to be effective catalyst compositions for 
15 producing esters and polyesters at an economical rate without leading to haze In the final 
product and with a reduced amount of yellowing of polyesters in comparison to known 
catalysts. They have also been shown to be stable against precipitation from polyester 
products when aqueous base or phosphoric acid fs added to such products. 

20 The invention is illustrated by the following examples. 

Preparation of Oroanometal lic Compounds for use in Catalyst Compositions 

EXAMPLE 1 

25 Ethylene glycol (49.6 g, 0.8 moles) was added from a dropping funnel to stirred 

titanium n-butaxide (34 g T 0.1 mole) in a 250 ml flask fitted with stirrer, condenser and 
thermometer. An aqueous solution of sodium hydroxide, containing 32% NaOH by weight 
(6.25 g, 0.05 mole) was added to the reaction flask slowly with mbdng to yield a clear yellow 
liquid. To this liquid was added a di (polyoxoethylene) hydroxymethyl phosphonate available 

30 under the trade name Victastab HMP from Akzo Nobel, (18.93 g, 0.052 mole of phosphorus). 
After removing n-butanol at 70^ under vacuum to constant weight the product was a liquid 
with a Ti content of 2.76% by weight 

EXAMPLE 2 
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Ethylene glycol (49.6 g r 0.8 moles) was added from a dropping ftmnej to stirred 
titanium n-butoxlde (34 g, 0.1 mote) in a 250 ml flask fitted with stirrer, condenser and 
thermometer. An aqueous solution of sodium hydroxide, containing 32% NaOH by weight, 
(6.25 g, 0.05 mole) was added to the reaction flask slowly with mixing to yield a clear yellow 
5 liquid. To this liquid was added an oligomeric phosphonate available under the trade name 
Fyrol 51 from Akzo Nobel, (7.852 g, 0.052 mole of phosphorus). After removing n-butanol at 
70°C under vacuum to constant weight the product was a liquid with a Ti content of 6.64% by 
weight 

10 EXAMPLE 3 

Ethylene gfycol (49.6 g, 0.8 moles) was added from a dropping funnel to stirred 
titanium n-butoxfde (34 g, 0.1 mole) in a 250 ml flask fitted with stirrer, condenser and 
thermometer. An aqueous solution of sodium hydroxide, containing 32% NaOH by weight, 
(6.25 g, 0.05 moie) was added to the reaction flask slowly wfth mixing to yield a clear yellow 
15 liquid. To this liquid was added diethyWM,N i -bis(2"hydroxyethyl)aminomethyl phosphonate 

available under the trade name Fyrol 6 from Akzo Nobel, (I8.g3 g, 0.074 mole of phosphorus). 
After removing n-butanol at 70°C under vacuum to constant weight the product was a liquid 
with a T| content of 7.00% by weight 

20 EXAMPLE 4 

Ethylene glycol (49.6 g r 0.8 moles) was added from a dropping funnel to stirred 
titanium n-butoxida,(34.g, ,oj moie) in a 250 ml flask fitted witfr stiver, condenser and 
thermometer. An aqueous solution of sodium hydroxide, contaimntf 32% NaOH by weight 
(6.25 g f 0.05 mole) was added to the reaction flask slowly with mixing to yield a clear yellow 
25 liquid. To this liquid was added a triethylphosphonoacetate available under the trade name 
TEPA from Rhodia, (1 1 .7 g, 0.052 mole of phosphorus). After removing n-butanol at 70°C 
under vacuum to constant weight the product was a liquid with a Tl content of 6.60% by 
weight 

30 EXAMPLES 

Ethylene glycol (99.2 g, 1.6 moles) was added from a dropping funnel to stirred titanium n- 
butoxide (34 g, 0,1 mote) in a 250 ml flask fitted with stirrer, condenser and thermometer. An 
aqueous solution of sodium hydroxide, containing 32% NaOH by weight (9.38 g, 0.075 mole) 
was added to the reaction flask slowty with mixing to yield a clear yellow liquid. To this liquid 
35 was added a dibutyi hydrogen phosphite available under the trade name DBHP from Rhodia, 
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(10.1g, 0.052 mole of phosphorus). After removing n-butanol at 70°C under vacuum to 
constant weight the product was a liquid with a TI content of 6.3 1 % by weight 

EXAMPLE 6 (Comparative) 
5 Citric acid monohydrate (132.5 g, 0.63 moles) was dissolved in water (92.8 g). To the stirred 
solution was slowly added titanium isopropoxide (72.0 g, 0.26 moles). This mixture was 
heated to reflux for 1 hour to yield a hazy solution. This solution was distilled under vacuum to 
remove free water and isopropanol. The product was cooled below 70°C and 32 %wAv 
aqueous sodium hydroxide (94.9 g, 0.76 moles) was added slowly to the stirred solution. The 
1 0 product was filtered, mixed with ethylene glycol (125.5 g, 2.0 moles) and heated under 

vacuum to remove free water/isopropanol. The product was a slightly hazy, very pale yellow 
liquid (Ti content 3.85 % by weight). 



EXAMPLE 7 (Comparative) 
1 5 Ethylene glycol (496.0 g, 8.00 moles) was added from a dropping funnel to stirred titanium n~ 
butoxide (340 g, 1.00 mole) In a 1 litre fishbowl flask fitted with stirrer, condenser and 
thermometer. An aqueous solution of sodium hydroxide, containing 32% NaOH by weight 
(125 g. 1.00 mole) was added to the reaction flask slowly with mixing to yield a clear pale 
yellow liquid. To this liquid was then added a butyl acid phosphate. (91.0 g. 0.50 mole of 
phosphorus) and the resulting mixture was stirred for 1 hour to produce a pale yellow liquid 
with a Ti content of 4.56% by weight 



20 



EXAMPLE 8 (Comparative) 

Ethylene glycol (136 g, 2.2 moles) was added from a dropping funnel to stirred titanium n- 
25 butoxide (34 g. 0.1 mole) (n a 250 ml flask fitted with stirrer, condenser and thermometer. An 
aqueous solution of tetraethyl ammonium hydroxide (TEAH), containing 35% TEAH by weight, 
(5.26 g, 0.05 mole) was added to the reaction flask slowly with mixing to yield a dear yellow 
liquid. After removing n-butanol at 70°c under vacuum to constant weight the product was a 
liquid with a Ti content of 3.25% by weight 



30 



35 



EXAMPLE 9 (Comparative) 

Ethylene glycol (136 g, 2.2 moles) was added from a dropping funnel to stirred titanium n- 
butoxlde (34 g, 0.1 mole) In a 250 ml flask fitted with stirrer, condenser and thermometer. An 
aqueous solution of choline hydroxide (ChOH). containing 35% ChOH by weight (g, 0.05 
mole) was added to the reaction flask slowly with mixing to yield a dear yellow liquid. After 
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removing n-butonol at 70°c under vacuum to constant weight the product was a liquid with a Tl 
content of 3.39% by weight 

USE OF CATALYSTS IN POLYESTERIFJCATION REACTIONS 
5 EXAMPLE 10 

A pbtycondensation reaction was carried out in a mechanically-stirred 300 ml glass vessel 
fitted with side arm and cold trap for collection of monoethyleneglycol. A theimostatically 
controlled ceramic heating element was used to provide heat and an oil vacuum pump was 
connected to the cold trap. A nitrogen blanket was provided via a connection to the cold trap. 

1 0 Polyethylene terephthalate was prepared from pure bis(hydroxyethyl)- terephthalate polymer 
precursor. 100 g of bis(hydroxyethyl)terephthalate polymer precursor was placed in the 
reaction flask under a nitrogen flow, followed by a dilute solution of catalyst component in 
monoethyleneglycol. For the catalyst (Table 1) the level was set at 30ppm (based on metal 
content). This was heated with stirring to 250 °C for 20-25 minutes. The nitrogen flow was 

1 5 stopped and vacuum applied steadily to 100 Pa. After 20-25 minutes the temperature was 
increased steadily from 250 »C to 290 °C. As the reaction progressed the current required to 
maintain a constant stirrer speed increased up to a specified torque reading, at which point the 
reaction was deemed to be complete. The vacuum was then broken with nitrogen and the 
molten polymer discharged and quenched Into cold water. It was then dried for 12 hours at 65 
20 °C. 

EXAMPLE 11 

The catalysts were used to prepare polyethylene terephthalate (PET). Ethylene glycol (2.04 
kg) and terephthalic acid (4.55 kg) were charged to a stirred, jacketed reactor. The catalyst 
and other additives were added and the reactor heated to 226 - 252 °C at a pressure of 40 psi 
to initiate the first stage direct esterification (DE) process. Water was removed as it was 
formed with recirculation of the ethylene glycol. On completion of the DE reaction the contents 
of the reactor were allowed to reach atmospheric pressure before a vacuum was steadily 
applied, The stabilisers were added and the mixture heated to 2S0 ± 2 °C. under vacuum to 
remove ethylene glycol and yield polyethylene terephthalate. The final polyester was 
discharged once a constant torque had been reached which indicated an IV of around 0.62. 
The polymer was analysed and the results are shown in Table 2. 



25 



30 
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Polymer An^y ? « 

The colour of the polymer was measured using a Byk-Gardner Colourview spectrophotometer 
A common model to use for colour expression is the Cielab L*, a* and b* scale where the b- 
value describes yellowness. The yellowness of the polymer increases with b-value 
The polymer intrinsic viscosities were measured by glass capillary viscometer using 60/40 
phenol/1 .1^.2-tetrachlorethane as solvent The results are shown in Tables 1 - 2. 
Discharge of molten polymer from a reactor takes place over a period of time during which the 
polymer is held in the moften phase at elevated temperature. The time of discharge of the 
polymer was noted and is shown in the tables. 



Table 1 



Catalyst 
Example 

30 ppm 71 


Reaction 
Tims 

(Minutes) 


Colour 
30 mins 


L* 


a* 


b* - 


1 


120 


62.8 


-1.4 


12.9 


2 


120 


55.1 


-0.4 


15.9 


3 


120 


60.2 


-1.9 


11.7 


4 


120 


71.6 


-1.2 


13.4 


5 


120 


56.9 


-1.3 


8.7 
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CLAIMS 

1 . A catalyst composition suitable tor use as a catalyst for the preparation of an ester 
comprises an organometallie compound which is the reaction product of 

i. an alkoxide or condensed alkoxide of at least one metal selected from titanium, 
zirconium or aluminium, 

ii. an alcohol containing at least two hydroxyl groups. 
Hi. a base and 

iv. an organophosphorus compound of general formula PX^R'WR 2 ), where X is S 
or O. R 1 is alkyl/aryl, substituted alkyl/aryl, ether-alkyi, alkoxy, -C(0)R 3 where R* is 
(optionally substituted) C,_e alkyl or carboxylic acid (or derivative thereof). - 
(CH ? ) x CO0R 4 , where R 4 is alkyl. preferably C« alkyl and x is preferably 1 - 3; each 
R 2 is independently H, alkyl/aryi. substituted alkyl/aryl. ether-alkyi, e.g. polyoxyalkyl, 
especially polyoxyethyl or polyoxypropyl, alkoxy. -OCOR 3 where R 3 is (optionally 
substituted) C lJfl alkyl or carboxylic acid (or derivative thereof), -(CH 2 ) x COOR 4 , where 
R 4 is alkyl, preferably C« alkyl and x is preferably 1 - 3; at least one of R 1 and R 2 
contains a donor group which is capable of coordinating to or forming a covalent 
bond with the metal, a is in the range 1 - 3. b is in the range 0 -2 and a + b = 3. 

2. A catalyst composition according to claim 1 wherein the donor group is selected from S 
O, N,OH, NHorSH. 
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3. A catalyst composition as claimed in claim 1 or claim 2. wherein the organophosphorus 
compound Is a phosphite diester, phosphate triester or phosphonate diester. 

4. A catalyst composition as claimed in claim 3. wherein the organophosphorus compound 
comprises a trialkylphosphonoacetate ordi(pofyoxyalkyl)hydroxyalkylphosphonate. 

5. A catalyst composition as claimed in any of the preceding claims wherein said base is 
selected from sodium hydroxide, potassium hydroxide, lithium hydroxide, magnesium 
hydroxide, calcium hydroxide, ammonium hydroxide, tetrabutyl ammonium hydroxide, 
tetraethyl ammonium hydroxide (TEAH), choline hydroxide (trimethy1(2- 
hydroxyethyljammonium hydroxide) or benzyttrimethyl ammonium hydroxide, 
monoethanolamine, diethanolamine, triethanolamine and trilsopropanolamine. 
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6. A catalyst composition as claimed In any of the preceding claims wherein said alcohol 
is selected from 1,2-ethanedloI, 1 ,2-pnopanediol, ^propanediol, 1,4-butanedrol, 2- 
methy^2,4-pentanedjol, diethylene glycof, a polyethylene glycol, a polypropylene glycol, 
glycerol, trimethylolpropane orpentaerythritol. 

7. A catalyst composition as claimed fn any of the preceding claims wherein the amount of 
organophosphorus compound present provides from 0.1 to 4.0 motes of phosphorus to 1 
mole of metal (titanium, zirconium or aluminium) in the composition. 

8. A catalyst composition as claimed in any preceding claim, further comprising a 
compound of germanium, antimony or tin. 

i 

9. A process for the preparation of an ester comprising carrying out an esterification 
reaction in the presence of a catalyst composition as claimed in any one of claims 1 to 8> 

10. A process as claimed in claim 9 comprising a direct esterlflcation reaction between 
saturated and unsaturated monocarboxyllc acids rosin acids, dicarboxylic acids r 
anhydrides of such acids and polycaiboxylic acids with aliphatic straight chain and 
branched monohydric alcohols, dihydric alcohols or polyhydric alcohols. 

1 1. A process as claimed in claim 10 wherein the acids and anhydrides are selected from 
stearic acid, isostearic add. capric acid, caproic acid, palmitic add, oleic acid, palmrtoleic 
acid, triacontanoic acid, benzoic acid, methyl benzoicracid, salicylic acid, abietic acid, 
phthalic add, isophthalic add, terephthaJic acid, sebadc acid, adlplc acid, azelaic acid, 
succinic acid, fumaric acid, maleic acid, naphthalene dicarboxylic acid and pamoic acid, 
trimellitic acid, citric acid, trimesic acid, pyromelKtic acid and anhydrides of these acids 
and the alcohols are selected from butyl, pentyl, hexyl, octyl and stearyl alcohols, 1,2- 
ethanediol, 1,3-propanediol, 1,4-butanediol, 1 ,6-hexanediol glycerol and pentaerythrttol 

12. A process as claimed in claim 9 comprising a transesterification reaction between 
methyl, ethyl and propyl esters and butyl, hexyl, n-octyl and 2-ethyl hexyl alcohols and 
substituted alcohols such as dimethylaminoethanol. 

13. A process as claimed In claim 9 wherein said process is a polyesterfflcation reaction. 



*PA6E 21/24 * RCVD AT 7/21/2005 11:11:12 AM [Eastern Daylp Time] * SVRiUSPTO-EFXRF-6/24 * DMS:2738M0 * CSID:3028927925 • DURATION (mnfr$s):05-52 



JUL. 21. 2005 11:14AM 0UPONT LEGAL 

WO 03/045550 



NO. 2437 P. 22/24 

PCT/GB02/0S281 



17 

14. A process as claimed In claim 13 comprising the reaction of a diacid or diester 
selected from terephthalic acid, dimethyl terephthalate. naphthalene dicarboxylic acid, 
dimethyl naphthalate or isopnthalic acid with a diol selected from 1.2-ethanedioF, 1,3- 
propanediol, 1 ,4-butanediol, 1,6-hexanedloJ or a polyhydric alcohol such as glycerol, 
trimathyloipropane or pentaerythritol. 

16. A polyester material prepared by the process as claimed In claim 13 or cJaim 14. 
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